In chick fibroblast cell cultures infected with Newcastle disease virus an RNA-dependent RNA nucleotidyl transferase (RNA polymerase) has been detected which was not found in non-infected cells. The enzyme mainly synthesizes RNA complementary to viral RNA as shown by nearest neighbour analysis and hybridization experiments. In contrast to the influenza virus-induced enzyme the Newcastle disease virus enzyme cannot be inhibited by dextran sulphate. Its synthesis is not inhibited by actinomycin. It is first detectable 3 hr after infection and it has reached its highest activity at 5 hr after infection.
INTRODUCTION
It has been shown in viva that the 'early protein' which is necessary to start the synthesis of fowl plague virus RNA cannot substitute for the corresponding 'early protein' in Newcastle disease virus-infected cells (Scholtissek & Rott, I967) . At least one of these 'early proteins" is the RNA-dependent RNA nucleotidyl transferase (RNA polymerase). Such an enzyme has been found recently in influenza virusinfected cells (Ha & Waiters, I966; Scholtissek & Rott, I969) .
This communication describes a corresponding enzyme in Newcastle disease virusinfected chick fibroblast cells. This enzyme differs from the influenza-induced enzyme in several respects.
METHODS
The Newcastle disease virus-strain ITALmN has been used throughout. The tissue culture procedures used, the fractionation of the chick fibroblast cells and the RNA polymerase test were described earlier (Scholtissek & Rott, I969) . The standard incubation mixture contained in o'9ml.: 2.5#mole creatine phosphate; 5/zg. creatine phosphokinase; I/zmole each of ATP, UTP and CTP; 3.6/zmole MgC12; 4.5#mole 2-mercaptoethanol; 3o#mole tris buffer, pH 8.0; 2.5/zc of [SH]GTP (0.8o c/m-mole); and 0"4 ml. of the cytoplasmic fraction (cell homogenate minus nuclei and cell debris). After incubation the RNA and protein were precipitated and washed with 6 % trichloracetic acid containing o.I M Na4P2OT, with ethanol and ether, dissolved in I ml. of O.2N-NaOH, and after addition of Io ml. Bray scintillator fluid, counted in a Tricarb scintillation counter. I/qzmole [aH]GTP corresponds to I77o counts/min.
RNA was prepared from rat liver microsomes or cell homogenates by phenol extraction at room temperature (Scherrer & Darnell, I962) . Virus RNA was extracted c. SCHOLTISSEK AND R. ROTT from a virus concentrate (haemagglutination units = 64,000) after pretreatment with pronase (2 mg./ml., I hr at 37 °) with phenol in the presence ofo.oI M EDTA (Huppert et al. I966) . The methods applied and the chemicals used are described in detail elsewhere (Scholtissek & Rott, I969) . Protein was determined according to Lowry et aL 0950.
RESULTS
Requirements for the activity of the RNA-dependent RNA polymerase For the influenza RNA polymerase it was established that the optimal MgC12-concentration was 4 m-mole (Ho & Walters, I966; Scholtissek & Rott, I969) . At this MgCl2-concentration the activity of the Newcastle disease virus enzyme was higher than with I6 m-mole or without MgC12 (Table I) . Therefore for all further experiments 4 m-mole MgCI~ was used. 
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In Expt no. I the incubation at 36 ° lasted for io rain., in Expt no. 2 only for 7 rain. A cytoplasmic fraction was prepared 8 hr after infection. * Uninfected. The inhibitors were added immediately after infection to 6 ml. cuRure fluid. Cytoplasmic fractions were prepared 6 hr after infection. Incubation was at 36 ° for I5 min.
When the non-labelled nucleoside triphosphates were omitted from the incubation mixture, only a slight reduction in the incorporation of [aH]GTP was observed (Table I ). The cytoplasmic fraction may contribute sufficient amounts of triphos-phates for enzymic activity. Only if the ATP-regenerating system was omitted did the incorporation of [aH]GTP into RNA cease completely (Table I) . A similar result had been obtained with influenza virus-infected cells. There a dependence on all four nucleoside triphosphates was found only when a microsomal fraction was used as source of the RNA polymerase (Scholtissek & Rott, I969). A corresponding localization of the enzyme in the Newcastle disease virus-infected cells has so far been without success, since during centrifugation most of the enzymic activity was destroyed. Evidence that the enzyme does not synthesize merely poly-G is given (Table 3) . While DNase had no influence on enzymic activity, RNase completely inhibited the incorporation of the labelled triphosphate into RNA (Table I) . Duesberg & Robinson (1965) .
Actinomycin added to the incubation mixture did not significantly influence enzymic activity (Table i) . Neither did external RNA significantly stimulate nor dextran sulphate inhibit the enzymic activity (Table I) . Addition of up to I mg./ml, of dextran sulphate resulted in a reduction of its activity of only about 20 %. When actinomycin was added to the cells immediately after infection the synthesis of the polymerase in vivo was only slightly affected (Table 2) . Actidione or p-fluorophenylalanine completely inhibited the formation of enzyme under the same conditions (Table 2) .
When only half of the enzyme preparation was incubated under standard conditions in vitro, only half of the isotope was incorporated into RNA (Table I ). The nuclear fraction was completely free of the activity of the RNA-dependent RNA polymerase.
Kinetics of the enzyme's activity and of its formation
The incorporation of [SH]GTP proceeded linearly with time for about 7 min. (Fig. i) . At 15 rain. incubation in vitro a plateau was reached. The amount of incorporated [3H]GTP did not change during further incubation for at least 45 min. The rate of incorporation of [aH]GTP was about I0 times lower than in the fowl plague system under comparable conditions (Scholtissek & Rott, 1969) . In the best preparations the incorporation of [SH]GTP was i0 times higher than the values obtained with non-infected cells. When cytoplasmic fractions were prepared at different times after infection, enzyme activity was first detected 3 hr after infection. Its maximum was already reached at 5 hr after infection (Fig. 2) . 
Characterization of the product of action of the RNA polymerase
Between 65 and 8o % of the RNA synthesized in vitro by the RNA polymerase could be hybridized with non-labelled RNA isolated from Newcastle disease virus particles (+ strand) (Fig. 3) . Since the background incorporation in this system was high, this indicates that most if not all in vitro synthesized RNA produced by the RNA polymerase consists of the -strand.
The results of the nearest neighbour analysis of the product synthesized in vitro and hybridized with Newcastle disease virus-RNA (+ strand) are presented in Table 3 . The base composition calculated from these data is very close to that of the -strand, calculated from the base composition of the complementary + strand (Duesberg & Robinson, I965) . The fact that the base composition of RNA labelled in vitro with
[SH]GTP and not hybridized with + strand Newcastle disease virus-RNA before digestion with NaOH is very close to the corresponding data after hybridization (Table 3) is further evidence that most of the RNA synthesized in vitro is -strand. 
DISCUSSION
Influenza and parainfluenza viruses behave completely differently respecting their multiplication and genetics (for a survey see Rott & Scholtissek, r967) . So, from the biochemical point of view, we cannot justify putting these two subgroups together into the group of myxoviruses. This is further strengthened by the result of a comparison of the RNA-dependent RNA polymerases induced by an influenza (fowl plague) and parainfluenza (Newcastle disease virus) virus: while the influenza enzyme is inhibited by very low doses of dextran sulphate (Scholtissek & Rott, I~969), the Newcastledisease-virus enzyme is not. The formation of the influenza enzyme is inhibited by actinomycin (Ho & Walters, I966; Scholtissek & Rott, I969) , the parainfluenza enzyme is not. In spite of the fact that infectious fowl plague virus is produced more rapidly than Newcastle disease virus, the enzyme activity in fowl plague-infected chick fibroblasts increases steadily starting from 2 hr after infection at least up to 9 hr after infection (Scholtissek & Rott, I969), while the Newcastle-disease-virus enzyme is not detectable before the third hour of infection and reaches its maximal value at 5 hr (Fig. 2) .
This different behaviour of the two enzymes makes it understandable why they do not substitute each other in their action in vivo (Scholtissek & Rott, I967) . Both c. SCHOLTISSEK AND R. ROTT enzymes share the property of producing mainly the --strand (Table 3 ) (Scholtissek, I969).
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